Abstract Four surgical techniques for living donor nephrectomy were analyzed retrospectively in terms of perioperative outcome and early complication rate. A total of 182 donor nephrectomies including 69 open (OLDN), 14 fully laparoscopic (LDN), 34 hand-assisted laparoscopic (HLDN) and 65 retroperitoneoscopic (RLDN) nephrectomies were analyzed. There was a significant difference in mean operating time (OPT) between the OLDN (160 min) and RLDN (150 min) as compared to the LDN (212 min) and HLDN group (192 min) (P<0.001). Mean warm ischemia time (WIT) was significantly shorter with OLDN (114 s), RLDN (121 s) and HLDN (128 s) when compared to LDN (238 s) (P<0.001). Major complication rate was comparable among the groups. Independent of the preferred technique, donor nephrectomy is associated with complication rates. RLDN is comparable to OLDN in terms of OPT, WIT. Learning endoscopic donor nephrectomy could be associated with a higher complication rate.
Introduction
Safety and efficiency of living donor nephrectomy are of utmost concern to the donor and the recipient. It is unique in that it affects a healthy volunteer rather than a sick patient. This makes it one of the most demanding surgical procedures. The surgical technique recommended must entail with the lowest possible morbidity without compromising the functional outcome of the graft.
During the last few years the use of minimally invasive procedures has been continuously increased because they seem to be superior to the open approach. Since Ratner et al. [9] first performed a laparoscopic living nephrectomy in 1995, it has become a widely accepted alternative for living donation. In order to facilitate certain technically challenging steps of endoscopic procedures, some surgeons prefer hand assistance [19] . Like open retroperitoneal access, retroperitoneoscopy implies a direct approach to retroperitoneal organs without interfering with intraperitoneal organs. Although this procedure is the most logical approach to the anatomic structures of the retroperitoneum, only few centers have reported a large number of kidney donations performed with a primary retroperitoneoscopic approach [15] [16] [17] 20] .
In this study, we analyzed the perioperative donor outcome and early complication rate of retroperitoneoscopic living donor nephrectomy (RLDN) and compared it retrospectively to three surgical techniques of living donor nephrectomy. Table 1 . Rightsided nephrectomy was performed in 26.6% (n=47) cases overall, including n=26 (37.7%) in the OLDN, n=2 (6.1%) in the HLDN and n=19 (30.2%) in the RLDN. Reasons for right-sided nephrectomy were multiple left-sided vessels (n=24; 51%), right-sided renal artery stenosis (n=6; 13%), upper renal pole artery (n=5; 11%), early left-sided artery division (n=8; 17%), right-sided arterial dysplasia (n=2; 4%), venous anomalies (n=1; 2%) and left-sided double pyelon (n=1; 2%).
Materials and methods

From
All potential donors were routinely evaluated according to a donation protocol and discussed in detail by the transplantation team consisting of nephrologists, urologists, visceral and vascular surgeons, transplantation coordinators, immunological laboratories and psychosomatic experts. Preoperatively, conventional or a contrast enhanced magnet resonance angiography was performed to evaluate the vascular anatomy in all donors. All intra-and postoperative complications within a period of 30 days were analyzed for this study.
A standard open extraperitoneal technique through a flank incision was used in OLDN. The laparoscopic approach was performed in a standard technique, as previously described [9] . Additionally, for hand assistance a commercial hand port device was placed into the periumbilical position for HLDN. Our detailed technique of RLDN has been published [15] .
The technique of renal vessel transsection was different. In the OLDN, the renal vessels were transsected using scissors after placing Satinsky´s clamps on the renal artery close to the aorta and the renal vein. During LDN, HLDN, and RLDN the renal artery and vein were transsected with a Multifire-Endo TA-30 2.5 vascular stapler (Autosuture Ò ). Operating time (OPT) was defined as the period between skin incision and skin closure. We defined warm ischemia time (WIT) as the time from ligation of the renal artery to the time when clear outflow of the cold irrigation solution (Viaspan Ò ) in the renal vein was detected. In order to minimize cold ischemia time, donation and implantation were performed simultaneously in adjacent operating rooms. After irrigation with approximately 200-300 ml Viaspan Ò , the harvested kidney was placed in a sterile plastic bag and taken to implantation immediately.
All data presented are expressed as mean ± standard deviation or available cases (numbers), if suitable. Statistical analysis was performed using the SPSS 11.5 (SPSS Inc., Chicago, IL, USA) statistical software package. The Kruskal-Wallis-H test was used to compare three or more groups of independent non-parametric numerical data. Each group was compared to the other by means of the Mann-Whitney U test. The chisquare test was employed to compare categorical data. A P value of less than 0.05 was considered to be statistically significant.
Results
The donor characteristics are presented in Table 1 . Because a BMI >30 kg/m 2 was a contraindication to laparoscopic nephrectomy, donors BMI in the LDN and HLDN group were statistically smaller than in the OLDN and RLDN groups (P=0.007) ( Table 1 ). There was no significant difference in age among the groups (P=0.06). OPT was significantly shorter with OLDN and RLDN, as compared to LDN or HLDN (P<0.001) ( Table 1) . HLDN was approximately 20 min shorter than LDN (212±34 vs.192±24 min; P=0.056). OPT was on average 10 min shorter with RLDN than with OLDN, but this difference did not reach statistical significance (P=0.07). OPT with RLDN was on average 42.6 min shorter than with HLDN (P<0.001). WIT was shorter with OLDN (114±28 s), HLDN (128±52 s) Table 1 .
There was no significant difference in overall complication rate, when comparing the four groups within a period of 30 days postoperatively (Kruskal-Wallis H test; P=0.082). Subanalysis of intraoperative, postoperative, major and minor complications revealed no significant differences, when comparing all groups together (Table 2) . When comparing each group to the other, overall complication rate of LDN was statistically different to OLDN (P=0.016), HLDN (P=0.046) and RLDN (P=0.017) ( Table 3) . Incidence of major complications was similar in all groups (Table. 2, 3). Differences of minor, major, intra-or postoperative complications did not differ significantly between OLDN, HLDN and RLDN groups. Minor and major complications occurred as follows: 8 in the LDN group (57.1%), 17 in the OLDN group (24.6%), 9 in the HLDN group (26.5%) and 16 in the RLDN group (24.6%). Major complications included a pleural laceration requiring drainage (n=1) and asthmatic distress (n=1) in the OLDN group; conversions to open surgery because of visceral adhesions in an obese donor (n=1) in the HLDN group; problems in freeing the kidney after a pyelonephritis (n=1) and bleeding from a suprarenal vein (n=1) led to conversion in the LDN group; conversion because of a renal artery disruption (n=1) and because of two very short renal veins (<1 cm) on the right side, which opened directly into the vena cava and were only discovered intraoperatively (n=1), ureteral injury (n=1), chyloretroperitoneum with consecutive chylothorax (n=1) and postoperative myocardial infarction in a 79-year-old female donor (n=1) in the RLDN group (Table 2) .
Discussion
The standard open extraperitoneal or transperitoneal access has proved to be a safe approach for donor nephrectomy during the last 50 years. It is associated with a low complication rate [8] . Most surgeons feel confident and familiar with this approach. However, there is no question that the incision can entail some very significant postoperative problems including prolonged postoperative pain, scarring, permanent flank bulge due to relaxation of the abdominal wall muscles, subcostal nerve injury or pleural irritation [3] . Correspondingly, minimal flank incision living donor nephrectomy was introduced as an alternative to the standard open approach [6] . It appears that the main argument for choosing this technique is to avoid the well-known learning curve associated with laparoscopic donor nephrectomy. Drawbacks of the minimal flank incision technique are a limited view of anatomical structures and limited working space which can render the handling of intraoperative problems very difficult. Since the early 1990s, laparoscopic techniques have been successfully adapted for various open urologic procedures, including laparoscopic living donor nephrectomy which was first described in 1995 [9] . Data is also available suggesting that it can increase the rate of kidney donations [12] . The laparoscopic access is technically challenging and is associated with longer OPT and WIT but it has been proven to lead to less perioperative pain, earlier mobilization and return to normal activities when compared to the open approach [2, 10, 14, 18] .
But the great variety of techniques that are still competing with the standard open approach suggests that the optimal minimally-invasive alternative to OLDN has not yet been determined [6, 9, 15, 17, 19] . We started endoscopic living donor nephrectomy in 1997 using a full laparoscopic approach. The procedure was felt to be technically challenging so that hand assistance was introduced after the 14th case which seemed to greatly facilitate the procedure. Hand assistance is claimed to shorten the learning curve especially when starting laparoscopic surgery, and to minimize WIT and OPT [2, 14, 16, 18, 19] . The added surgeon's tactile sensation is believed to increase safety to a level comparable to open surgery. OPT of published series with HLDN is in a range of 177-294 min [2, 14, 18, 19] but is certainly shorter than with LDN. On the other hand, OPT even in a very experienced center, was in excess of 200 min on average in a large series [5, 7] . Both figures are comparable to our data ( Table 1) .
The advantages of the retroperitoneoscopic technique compared to the OLDN have recently been described in detail by our group [1, 15] . Blunt and quick creation of the retroperitoneal space obviates the time-consuming adhesiolysis, and the retraction of the bowel or omentum, which especially in obese donors can be very cumbersome. Additionally, the medial fixation of the kidney with the Gerota's fascia and establishment of a pneumoretroperitoneum means that the kidney is lifted up and the renal vessels are tautened out in front of the camera leading to an optimal exposure during retroperitoneoscopic dissection. No peritoneal dissection or bowel retraction is necessary.
Several variations of RLDN have been described in order to optimize the procedure [16, 17] .
The present study shows that OPT and WIT with RLDN are not significantly longer when compared to OLDN (Table 1 ). In addition, OPT with RLDN was significantly shorter than with HLDN and LDN (P<0.001). Also, other authors have noted that the retroperitoneoscopic approach tended to be slightly shorter than open surgery [17, 20] . In all the published series, OPT using a retroperitoneoscopic approach was very similar within a range of 130-158 min [1, 17, 20] . Some authors have experienced a dramatic shortening of OPT after having introduced hand assistance for retroperitoneoscopic donor nephrectomy from 238 to 166 min [16] . However, duration of operation is not the most important issue to point out, but it indirectly gives us information about the feasibility, level of difficulty and reproducibility of a surgical technique.
Warm ischemia time with LDN or HLDN has been reported to be significantly longer than during OLDN. It is important to note that very different definitions of WIT are being used, so that the WIT between different studies can hardly be compared. But there is no doubt that vessel transsection in endoscopic procedures is technically more demanding despite various tactical improvements than during the open approach. Our data shows that WIT after RLDN or HLDN is not necessarily longer than with OLDN.
When discussing advantages or disadvantages of various techniques for donor nephrectomy it has to be pointed out, that it has been shown that graft function and the recipient's overall complication rate after transplantation of a kidney harvested by laparoscopic or retroperitoneoscopic donor nephrectomy are equal than after open nephrectomy [1, 11, 17, 19] .
The overall rate of complications including minor and major complications of the present series was statistically similar among the groups ( Table 2 ). The present study thus confirms that endoscopic donor nephrectomy has a low complication rate, regardless of the preferred technique, if performed by surgeons skilled in laparoscopic surgery. ''Major complications'' included events such as blood transfusions, reinterventions or conversion to open surgeries even though none of these events led to persistent disadvantages in the donor. The major complication rate in all four different techniques used in our series is comparable with published data: 1-6 and 1-6.3% for OLDN and LDN/HLDN, respectively [4, 5, 10, 14] . A higher intra-(6.8%) and postoperative (17.1%) major complication rate in a large series of LDN has been reported [7] . Nevertheless, the rather high overall complication rate in our LDN group must be attributed Data presented as statistical probability using the Mann-Whitney test Basic data obtained from Table 2 to our learning curve. It depends on the definition of complication and the small sample size and can, therefore, not really be compared with the results achieved in other centers, using this technique for years [4, 5, 10] . Thus, the LDN group reflects our initial experience with endoscopic donor nephrectomy. However, mainly minor complications have occurred with LDN that will not have any impact on the donor's long-term well-being (Table 3) . It has to be pointed out, that complication rate is increased during the learning period of endoscopic techniques for donor nephrectomy and introducing hand assistance might be a suitable tool to improve safety and feasibility during the learning period. Additionally, the present study suggests that the type of complication might differ depending on the technique used ( Table 2) : OLDN was associated with a low intraoperative complication rate (1.5%), but tends to entail more postoperative wound problems (n=8; 11.6%). LDN/HLDN tended to cause more bowel problems (n=5; 16.3%) whereas RLDN seemed to be associated with more pleural and pulmonal complications (n=4; 6.3%) ( Table 2 ). It must be pointed out that pleural complications are not exclusive of retroperitoneoscopy, as pneumomediastineum and atelectasis have been reported at a rate of 5.6% with open donor nephrectomy too [13] . For RLDN, as a result of our experience, we try to place the first 12 mm trocar more distally than the tip of the 12th rib in order to avoid these complications.
Conclusion
Retroperitoneoscopic donor nephrectomy was comparable to open donor nephrectomy in terms of OPT and WIT, while offering endoscopic features. Donors operated by an RLDN or HLDN were superior in terms of hospital stay when compared to the standard open approach. The overall complication rate was statistically similar independent of the technique used, although open donor nephrectomy tended to entail more postoperative complications whereas endoscopic procedures tended to be associated with more intraoperative problems. Full laparoscopic donor nephrectomy is associated with a higher complication rate during the learning period. The retroperitoneoscopic approach enables an easy technique, is characterized by optimal exposure during vessel dissection, and provides reproducible results in terms of short OPT and WIT while being associated with a low complication rate, which is comparable to the standard open donor nephrectomy.
